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ABSTRACT 
Activated carbon based waste mangrove propagule was prepared by KOH activation using microwave radiation. The adsorption 
performance in terms of uptake along with its dependence on heating techniques has been studied for Pb and Zn on activated 
carbons of propagule mangrove. The effects of most significant preparation variables on pore structure of activated carbon and 
adsorption performance were also presented. The combined effects of pH, contact time and initial concentration. The results show 
that activated carbon prepared by microwave heating technique has larger pore structure and higher adsorption capacity for Pb 
and Zn, pH 4, contact time 40 minutes and initial concenration 40 ppm were optimum condition to adsorb Pb and Zn. Activated 
carbon based waste mangrove propagule as a natural, abundant and low-cost adsorbent, might be a suitable local alternative for 
eliminate Pb and Zn on electroplating industrial waste. 
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I.        INTRODUCTION 
      Increasing population growth and 
development in line with the increase in water supply 
for various purposes. Meanwhile, the clean water 
supply is now a fairly serious problem with the 
increasing water pollution by heavy metals. The high 
content of heavy metals cause the disruption of marine 
ecosystems and the emergence of various diseases 
because most of the heavy metals are toxic. One of he 
main ingredients that can cause water pollution is 
industrial waste [1]. One method to eliminate heavy 
metals in the wastewater is adsorption [2]. Adsorbent 
used is a mangrove propagules waste as activated 
carbon, which is activated potassium hydroxide 
(KOH) to develop acivated carbon porosity. Of the 
many chemical agents KOH has been preferred 
recently environmental and economic concern. 
Object of this study is the application of 
mangrove propagule based activated carbons by 
conventional and microwave induced KOH 
activations. Mangrove propagule waste is an ideal raw 
material for preparing activated carbon due to its 
lignocellulosic conten, easy renewal, great availability 
and low price [2]. Magrove propagule application that 
will be used to remove Pb-Zn from aqueous solution. 
The influence of microwave and conventional method 
was invensigated.	 
II. METHOD 
Mangrove propagules were washed, then cut to 
the reviews ge results the small more on dried and then 
dried until 105oC temperature, from the seeds of 
mangrove propagules adsorbent are sieved using 120 
mesh. Carbonization is done by heating in a furnace 
for 2 hours at 700oC until becoming charcoal 
mangrove propagules. Mangrove propagules produced 
charcoal mixed with kalium hydroxide (KOH) at ratio 
of 1:1 (m/m%). The mixture was microwave and 
conventional method. In the conventional method the 
mixture was placed into a reactor mounted on a 
microwave ceramic wih an input power of 600 watts 
and a frequency of 2,45 GHz for 12 minutes, drained 
N2 gas. The results obtained were washed with 0,1N 
HCl to pH neutral and then dried in an oven at a 
temperature of 105oC. 
Adsorption is done by directly contacting the 
adsorbent with adsorbate in a batch adsorpion. 
Mangrove propagule 0,5 gram was mixed with 50 mL 
of ion Pb-Zn at pH 4, the contact time of 240 minues 
and the initial concentration of 100 ppm solution. The 
suspended solids were filtered and the filtrate was 
analyzed for residual Pb-Zn using atomic adsorption 
spechtrophotometer (AAS).  
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III. RESULT AND DISCUSS 
A. Activated carbon character of mangrove 
propagule 
            The surface chemistry of Activated Carbon of 
Mangrove Propagules was studied by FTIR 
spectroscopy from the infrared spectral region of 
4000-450 cm–1 as presented in Fig.1 Shows the peaks 
of the wave numbers on the IR spectrum of the 
mangrove propagule before the accumulation of 
3830.1 cm–1, 3811,24 cm–1, 3790,18 cm–1, 3699,18 cm–
1, 3660,86 cm–1, 3435.4 cm–1, 1559.29 cm–1, 1457.01 
cm–1 and 874.79 cm–1. In the absorption bands 3830.1 
cm–1 to 3435.4 cm–1 indicate the presence of OH 
octahedral, carboxylic acid (RCOOH) and alcohol 
(ROH) vibrations [3, 4, 5]. C-C and C-O vibrations 
which are carboxylic groups are shown successively in 
absorption bands 1559.29 cm–1 and 1457.01 cm–1. 
While the absorption band 874,79 cm–1 indicates the 
presence of a group containing C-H vibrations or 
including methylene groups [5]. 
           While the peaks of wave numbers in the 
mangrove propagule charcoal after activation are 
3782,65 cm–1, 3701,33 cm–1, 3426,21 cm–1, and 
1555,97 cm–1. The presence of an O-H vibration which 
is a hydroxyl group is shown in absorption bands 
3782.65 cm–1, 3701.33 cm–1 and 3426,21 cm–1. While 
in the absorption band 1555,97 cm–1 indicates the 
presence of C=O which is a ketone [6]. 
 
 
 
Figure 8.  Specra IR char of mangrove propagule before 
and after activation.  
B. Effect of Heating Technique  
              The heated techniques studied were activated 
carbon without activation (CAT), conventional heated 
activated carbon (CAK) and microwave activated 
carbon (CAM). Fig. 2 shows the adsorbate Pb-Zn is 
100% perfectly adsorbed. 
             Heating techniques during activation also 
affect the physical and chemical characteristics of the 
activated carbon structure. In conventional heating, the 
heat source lies outside the carbon and energy transfer 
to the sample from the inward surface through 
convection, conduction mechanism, and radiation. 
Therefore, a thermal gradient of hot surface of 
activated carbon is formed. To avoid this thermal 
gradient, the heating rate is lowered thus increasing the 
duration of the activation process resulting in greater 
energy consumption. Thermal gradients inhibit the 
release of pyrolysis gas into the environment, 
therefore, some volatile components may remain in the 
sample, resulting in uniform heat [7]. As a result, the 
quality of activated carbon is poor so that the 
application of Pb-Zn adsorption percentage decreases 
slightly. 
 
 
 
Figure 9.  Effect of heating technique to removal Pb and 
Zn.  
C. Effect of pH solution 
       The effect of pH of the solution on Pb-Zn 
adsorption was studied on pH 2, 4, 6, 8 and 10 
variations as shown in Fig. 3. The effect of pH causes 
the charge changes on adsorbent and adsorbate which 
will further affect the electrostatic interaction between 
activated carbon and Pb and Zn ions. Figure 4.4 shows 
that at pH 4 adsorbat is perfectly absorbed by 100% 
percentage. Activated carbon tends to be protonated at 
low pH so that active sites tend to be positively 
charged [5]. This causes a repulsion between the active 
site and the Pb and Zn ions which are also positively 
charged so that adsorption is difficult to occur, 
whereas at pH 6 has formed Pb(OH)+ with a larger 
molecular size, thereby inhibiting the adsorption of Pb 
as well as on Zn, the higher the pH the Zn(OH)+ 
begins to form, thus decreasing the amount of Zn 
absorbed [2]. 
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Figure 10.  Effect of pH solution to removal Pb and Zn. 
D. Effect of contact time 
        The effect of time on the decrease of Pb (II) -Zn 
(II) was studied with variations of time 0, 10, 20, 30, 
40, 50, 60, 120 and 180 min presented in Fig. 3 shows 
when the contact time of 0 to 10 minutes decreases Pb 
and Zn has a rapid increase and Pb decreases tend to 
be constant at 20 to 180 minutes. This is because there 
are still many active sites that are empty, so it is still 
high enough to absorb the solution [8]. The longer the 
contact time, the more Pb-Zn is absorbed by the active 
site until it reaches the saturation point and there is a 
balance. 
 
Figure 11.  Effect of contact time to removal Pb and Zn. 
E. Effect of concentration  
            The effect of the initial concentration of the 
solution on the decrease of Pb-Zn was studied through 
concentration variations of 10, 20, 30, 40, 50, 100, 
200, 300, 400 and 500 ppm. Fig. 5 shows the effect of 
the initial concentration of the solution on the decrease 
of Pb-Zn which indicates the higher the concentration, 
the higher Pb is absorbed. This is because the higher 
the concentration of adsorbate, the force of the driving 
force is also greater so that the movement of the 
adsorbate molecule causing the mass transfer rate 
(surface diffusion) from the solute phase (adsorbate) to 
the faster adsorbent [9] . However, in Zn adsorption 
the opposite occurs, the higher the initial concentration 
of the solution the decreasing the Zn will be absorbed. 
 
 
 
 
 
 
 
                
 
 
 
Figure 5. Effect of concentration to 
removal Pb and Zn. 
This is due to the increasing number of 
competing ions to bind and the lack of active sites on 
the adsorbent at higher concentrations. Therefore, 
many metal ions are left unabsorbed in solution at 
higher concentration levels [10]. In addition, at low 
concentrations of metals adsorbed by certain sites, 
meanwhile with increasing concentrations of metals, 
the specified sites are already saturated and exchange 
sites are filled to produce less droplets of metals 
adsorbed [11] . 
IV. CONCLUTION 
         Activated carbon based mangrove propagule 
using microwave radiation showed the greates removal 
100% Pb and Zn at optimum condition pH 4, contact 
time 40 minutes and concentration of solution 40 ppm. 
It is recommended to removal Pb and Zn on 
electroplating industrial waste. 
 
Acknowledgment  
            The authors are grateful for support from 
Kementrian Riset dan Teknologi (KEMENRISTEK 
DIKTI). This project was also supported by Semarang 
State University and Department of Chemical 
Engineering Semarang State University. 
 
References 
 
[1] Jang-Sook, K., Seong.-Taek, Y. Jong-Hwa, L., 
Soon-Oh, K., and Ho- Young. J., “Removal of 
divalent heavy metals (Cd, Cu, Pb, Zn) and 
Arsenic (III) from aqueous solution using scoria: 
kinetics and equilibria of sorpstion,”Journal of 
Hazardoous Material, vol. 174, pp. 307–313, 2010.  
[2] Duan, S., Tang, R., Xue,  Z. X. Z., Zhao Y., 
Zhang, W., Zhang, J., Wang, B., Zeng, S., Sun, D., 
“Effective removal of Pb(II) using magnetic 
Co0,6Fe2.4O4 micro-particles as he adsorbent: 
Synthesis and study on the kinetics and 
439 
	
THE	5TH	AASIC	2017	
thermodynamic behaviors for its adsorption, 
“Coloid and Surface A: Physicochem. Eng. 
Aspects., 2015. 
[3] Yorgun, “Fine particles, thin films and exchange 
anisotropy,” in Magnetism, vol. III, G. T. Rado 
and H. Suhl, Eds. New York: Academic, 1963, pp. 
271–350. 
[4] Shamsuddina, M.S., Yusoffa, N.R.N., and 
M.A.Sulaimana, “Synthesis and characterization 
of activated carbon produced from kenaf core fiber 
using H3PO4 activation, Procedia Chemistry, vol. 
19, pp. 558–565,  2016.  
[5] Astuti, W., Hermawan, R.A., Mukti, H., and 
Sugiyono, N.R.., “Preparation of activated carbon 
from mangrove propagule waste by H3PO4 
ACTIVATION FOR Pb2+adsorption” AIP 
Conference. Proc., vol. 1788, pp. 030082-1—
030082-5, 2017. 
[6] Heidari, Ava., Younesi, Habibollah., Rashid, 
Alimerad and Ghoreyshi, Ali Asghar, “Evauation 
of CO2 adsorption with eucalyptus wood based 
activated carbon modified by ammonia solution 
through heut treatment,” Chemical Engineering 
Journal, vol. 254, pp. 503–513, 2014. 
[7] Ahmed, Muthana J.,” Application of agricultural 
based activate carbons by microwave and 
conventional activation for basic dye adsorption: 
Review”, Journal of Environmental Cemical 
Engineering, 2015. 
[8] Owamah, H.I., “Biosorpive removal of Pb(II) and 
Cu(II) from wastewater using activated carbon 
from cassava peels”, Journal Material Cycle Waste 
Management, 2013. 
[9] Zhou, Weihua., Bai, Hangjuan., Goo, Shuaipeng 
and Li, Ke, “Characterization of modified sawdust, 
kinetic and equilibrium study abou methylene blue 
adsorption in batch mode”, Korean Journal 
Chemical Engineering, vol. 30 (1), pp. 111-122, 
2013. 
[10] Abdel Ghani, N.T., M, Henfy and El-
Chaghaby,”Removal of lead from aqueous 
solution using low cost abundantly available 
adsorbents”, Journal Environmental Science 
Technology, vol. 4, pp. 67, 2007. 
[11] Karnib, Mona, Kabbani, Ahmad, Holaila, 
Hanafy, and Olama, Zakia, “Heavy Metals 
Removal Using Activated Carbon, Silica and 
Silica Activated Carbon Composite”, Energy 
Procedia, vol, 50, pp. 113 – 120,  
2014. 
 
  
